ABSTRACT Early-season soybean, Glycine max L. Merrill, was evaluated in Arkansas soybean Þelds as a trap crop for a complex of stink bug species that included Nezara viridula L., Acrosternum hilare (Say), and Euschistus servus (Say). Early-season soybean production systems (ESPSs) are composed of indeterminate soybean cultivars planted in April. In the Þrst year of a 2-yr study, Þeld-scale trap crops (Ϸ0.5Ð1.0 ha) of maturity group (MG) III and IV soybean were planted adjacent to production Þelds of MG V soybean. Stink bugs were attracted Þrst to the ESPS trap crops and were twice treated with insecticide, yet damaging populations developed later in the MG V soybean adjacent to the trap crops. General sampling and observations of low stink bug densities in commercial Þelds of soybean and corn across the study area suggested that stink bugs were widely distributed across the agricultural landscape. These observations and the subsequent discovery of additional ESPS Þelds outside the study area suggested that developing populations in the adjacent MG V soybean probably did not originate from the trap crops. However the source of the populations colonizing MG V soybean could not be determined, and we concluded that the scale of future experiments should be increased to better control stink bugs dispersing from other ESPSs outside the study area. In the second year of the study, the experiment was expanded in size to a farm-or community-scale project where entire Þelds of ESPSs (8 Ð32 ha) were used as trap crops. Insecticide was applied to the trap-crop Þelds and other Þelds of ESPSs within a 0.8-km radius of targeted response Þelds, yet again there was no apparent effect on subsequent populations of stink bugs in the MG V response Þelds. With the recent expansion of ESPSs in Arkansas, it may be difÞcult to use ESPSs as a trap crop to lower stink bug populations across large enough areas to suppress populations in late-season soybean. Also, multiple soybean cultivars are generally planted across a 2-or 3-mo period in Arkansas, which results in staggered soybean development across the landscape and extends the time period that soybean is attractive to colonizing stink bugs. Trap crops of ESPSs are only attractive for oviposition for up to 4 Ð5 wk and cannot protect full-season soybean production systems (FSSPSs) for such an extended time period. This shift in production systems may limit the use of ESPS trap crops for management of stink bugs unless highly coordinated efforts are made to synchronize soybean maturity and control stink bugs in ESPSs across large geographic areas.
soybean production systems (FSSPSs) (Ashlock et al. 1998) . Many producers have shifted to ESPSs because of drought avoidance, reduced problems with lateseason insects, and early harvest options (McPherson et al. 2001) . With the arrival of ESPSs, producers are now faced with new management issues. One of these is heightened concern for the stink bug complex attacking soybean, especially in south Arkansas. Availability of ESPSs has apparently afforded a shift in the early summer host sequence of stink bugs from uncultivated hosts (Miner 1966, Jones and Sullivan 1982) to ESPSs (Baur et al. 2000 , McPherson et al. 2001 ). This has dramatically increased the abundance and total area of suitable hosts for these pests across the agricultural landscape.
Timing of crop phenological growth seems to be a key factor for stink bug population growth on soybean, with peak oviposition and population increases occurring during R4 and R5 stages of crop development, respectively (Fehr et al. 1971 , Schumann and Todd 1982 , Smith et al. 2008 ). Many authors have noted the predictable behavior and strong attraction of stink bugs for reproductive stage soybean and have suggested its possible use as a trap crop (Todd and Herzog 1980 , Schumann and Todd 1982 , Kogan and Turnipseed 1987 , Todd 1989 , McPherson 1996 , Boyd et al. 1997 , Baur et al. 2000 , Bundy and McPherson 2000 . In theory, trap crops using ESPSs should attract a large portion of the stink bug population into a small area, relative to surrounding landscape, to be killed. At least three major studies have been completed in the southern United States where early-maturing soybean was studied as a trap crop for stink bugs (Newsom and Herzog 1977 , McPherson and Newsom 1984 , Todd and Schumann 1988 . In each study, the investigators used slightly different strategies with trap crops, resulting in varying degrees of success. However, all of these studies were conducted in environments dominated by FSSPSs, unlike current agricultural landscapes where ESPSs are widely used. Increasing use of ESPSs may decrease the effectiveness of the trap crop strategy by providing an abundant and widely dispersed earlyseason host (Baur et al. 2000) . Additionally, if ESPSs comprise Ͼ50% of the soybean acreage on a farm, insecticide savings associated with using trap crops may be nulliÞed (Boyd et al. 1997) . If left uncontrolled, ESPSs may act as a nursery crop from which stink bugs can move from ESPSs into FSSPSs and continue to increase population numbers (Boyd et al. 1997 , McPherson et al. 2001 .
Our objective in this study was to evaluate the effectiveness of ESPS as a trap crop for stink bugs in southern Arkansas where ESPSs are now widespread. Preliminary information (Smith et al. 2008) and recommendations from previous studies (Newsom and Herzog 1977 , McPherson and Newsom 1984 , Todd and Schumann 1988 ) were used to design both Þeld-and community-scale experiments to test the effectiveness of ESPS trap crops to control stink bugs.
Materials and Methods

2004.
Experiments were conducted in southwest Arkansas during 2004. Ten plots of early soybean were established as trap crops in production Þelds of late soybean across a 4,000-ha farm in Little River County. Trap crops were Ϸ0.5Ð1.0 ha in size, generally 23Ð30 m in width, and extended down one perimeter of the targeted-response Þelds. Four MG III soybean cultivars were planted as trap crops from 8 to 17 April. Three plots were planted with ÔDyna Grow 3463Ј, two with ÔDyna Grow 3468Ј, two with ÔDyna Grow 3392Ј, and three with ÔAsgrow 3903Ј. The response or targeted production Þelds bordering the trap crops were planted in several different MG V soybean cultivars during mid-May. Four Þelds of MG V soybean planted in mid-May, located at least 0.4 km from the trap crops and not adjacent to other ESPSs, were selected as comparison response Þelds. Sampling was conducted with a 38-cm sweep net. Trap crops were sampled weekly from ßowering (R1) through maturity (R8) with four randomly located sets of 25 sweeps on each date. The MG V Þelds located directly adjacent to trap crops were also sampled weekly by taking four sets of 25 sweeps taken at distances of 4, 13, 45, and 140 m away from the trap crop toward the center of each Þeld. Only the trap crops, MG V Þelds containing the trap crops, and comparison Þelds were sampled. Trap crops were treated aerially (46.9 liters/ha) with lambda-cyhalothrin, at a rate of 0.034 kg (AI)/ha, when stink bug densities reached the economic threshold of nine per 25 sweeps (Greene 2004 Þelds of MG IV (trap crop) and V (response Þeld) soybean were positioned inside larger environments of a radius extending 0.8 km (0.5 mile) from the perimeter of the paired Þelds (Fig. 1) . Trap crops ranged in size from 8 to 32 ha, with adjacent MG V Þelds being similar acreage. In an attempt to measure and control migration of stink bugs from nearby Þelds of ESPSs, both treated and untreated trap crops were located within environments containing either treated or no ESPSs and untreated ESPSs. Environments containing treated ESPSs were considered equal to environments containing no ESPSs. Control Þelds of FSSPSs that were at least 0.8 km away from the nearest ESPS were also established at each location. The study was blocked by county or study site, with one replication at each location.
The design was a balanced randomized complete block within a 3 by 3 factorial treatment structure. The factors were (1) treated or untreated traps placed within (2) treated or untreated environments and (3) control Þelds. Response variables were stink bug densities in the MG V soybean Þelds directly adjacent to each of the trap crops (adjacent MG V Þelds) and densities in other Þelds of late soybean within the 0.8-km radius environment but not directly adjacent to the trap crop. All soybean Þelds within the 0.8-km radius study areas and the control Þelds located away from ESPSs were sampled weekly from June through September. Four to six sets of 25 sweeps with a 30-cm sweep net were taken at randomly chosen locations in each Þeld on each sample date. Stink bugs were categorized as nymphs or adults of N. viridula, A. hilare, Euschistus spp., Thyanta accerra (McAtee), and Piezodorus guildinii (Westwood). Growth stage of all soybean Þelds was recorded on each sample date.
In the original protocol, insecticide treatments in ESPSs were to be triggered on a Þeld-to-Þeld basis when stink bug densities exceeded economic threshold. However, the system had to be modiÞed because subeconomic threshold levels of late-instar nymphs (four to six per 25 sweeps) were present in trap crop Þelds at the R6 and R7 growth stages. It was decided that the experiment would be of greater value if these populations were treated at a lower density rather than allow these bugs to molt into adults and leave the Þeld. Treated trap crops and ESPS Þelds were sprayed by air (46.9 liters/ha) with either lambda-cyhalothrin, at a rate of 0.034 kg (AI)/ha, or zeta-cypermethrin at a rate of 0.028 kg (AI)/ha.
Because of low densities of stink bugs, insecticide treatments were not applied to trap crops on the Matteson Farm in southwest Arkansas; therefore, data for this location were not included in analyses. There was considerable variability in the growth stage of soybean Þelds among the blocks because of each block being placed in different regions of the state. This was caused, in part, by weather conditions, varieties, and a range of planting dates over a 2-mo period. Because Schumann and Todd (1982) reported that growth stage of soybean is the most important factor affecting stink bug infestation, all data were standardized by growth stage before analysis. Each reproductive growth stage (R1ÐR8) was analyzed separately. Analysis of variance (ANOVA) was performed on all data using PROC GLM (SAS Institute 1998). When appropriate, means were separated using protected least signiÞcant difference (LSD) methods (SAS Institute 1998).
Results and Discussion
2004.
Stink bugs began to colonize trap crops during the last week of May. Densities increased over the next month, and by 28 June, 5 of the 10 trap crops held stink bug densities above the economic threshold of nine stink bugs per 25 sweeps (Greene 2004) (Fig. 2) . All traps were treated the following day (29 June). The Þve trap crop areas that contained bug densities greater than nine per 25 sweeps had fully sized pods (R4), whereas the Þve other trap crops were at early pod development (R3) and contained densities between zero to one stink bug per 25 sweeps. At the time of treatment, populations in the Þve trap crops that were above threshold were 18-fold those in the respective adjacent MG V Þelds. The population was composed of 80% adults. Adjacent MG V soybean Þelds were in R1 stage of growth. Insecticide applications reduced numbers in the trap crops to the point that, 6 d after treatment, densities of stink bugs remained below detectable levels. On that date, 6 July, comparison Þelds, located 0.8 km from the trap crops, contained signiÞcantly more stink bugs than did Þelds directly adjacent to trap crops (F ϭ 42.92; df ϭ 12; P Ͻ 0.0001). Densities of stink bugs in the trap crops rebounded and again exceeded threshold on 26 July. Four of the 10 trap crops contained densities over the economic threshold, and 2 had densities of approximately seven bugs per 25 sweeps. The other four contained only minor infestations, ranging from zero to one bug per 25 sweeps. Low densities in those trap crops was likely caused by drought stressed plants. When averaged, densities of stink bugs in the 10 trap crops were 10-fold those in adjacent MG V Þelds. Because the airplane used to make aerial applications had mechanical problems, the trap crops were not sprayed again until 4 August. On 2 August, a week after traps should have been treated; densities remained above threshold levels in four of the traps and were near threshold in two others. Trap crops ranged in maturity from late pod-Þll (R6) to early senescence (R7) on both sample dates, whereas adjacent and comparison Þelds were at R4 to early pod-Þll (R5) stages of maturity. On 9 August, 5 d after treatment, densities of stink bugs in the trap crops were Ͻ0.5 bug per 25 sweeps. From 12 July through 9 August, adjacent MG V and comparison Þelds contained similar densities of stink bugs.
On 17 August, 2 wk after the second treatment (4 August), MG V Þelds adjacent to trap crops contained signiÞcantly more stink bugs than did comparison Þelds located away from the trap crops (F ϭ 5.07; df ϭ 13; P ϭ 0.0438). Densities of stink bugs increased sharply in eight of the adjacent MG V Þelds to an average of 8.5 Ϯ 1.5 (SEM) bugs per 25 sweeps, whereas densities in comparison Þelds were 2.8 Ϯ 1.7 bugs per 25 sweeps. Soybeans in both the adjacent and comparison Þelds were at late-R5 stage of development and were very attractive to stink bugs. Seven of the 10 trap crops had reached full maturity (R8) at this point, and the remaining 3 were at R7. Most MG V Þelds adjacent to the trap crops were treated with insecticides the following day. Over the course of the following week, threshold densities of stink bugs were observed in most Þelds in the area, resulting in widespread insecticide applications. On 17 August, nymphs comprised 86% of all stink bugs, with N. viridula nymphs totaling 96% of all immature stink bugs. Nezara viridula was 94% of the total stink bug complex.
Differences in stink bug densities between adjacent and comparison MG V Þelds could possibly be explained by their locations. Trap crops were placed close to the border of the farm in locations that had been heavily infested the previous year. The landscape immediately surrounding the trap crops was comprised of corn and FSSPSs. However, a search of surrounding crop structure after harvest showed ESPSs within 1.6 km of all trap locations. Comparison Þelds were selected as far away from the trap crops as possible, which placed them much further away from the neighboring farm containing large acreages of ESPSs. It is possible that colonizing stink bugs migrated Ϸ1.5 km from the ESPSs and colonized the MG V soybean adjacent to the trap crops. Thus, the adjacent MG V Þelds may have acted as a buffer, initially absorbing immigrating stink bugs. Field data taken at different distances from the trap crop within the adjacent MG V production Þeld did not indicate a signiÞcant gradient effect, indicating that stink bugs did not disperse across the adjacent Þelds from the trap crops (Fig. 3) . Essentially, the trap crops (Յ1 ha) seemed to be too small to effectively reduce farmwide populations of stink bugs given the presence of ESPSs on neighboring farms. Eliminating densities of stink bugs in the trap crops had no effect on lateseason densities in adjacent response Þelds.
2005. Experiments in 2005 were designed so that populations of stink bugs in nearby ESPS could be removed or controlled in the study area. To do this, the scale of the experiment was increased considerably to a farm or community level. In general, the preexisting crop structure, composed of both ESPSs and FSSPSs, was used to establish a large-scale trap crop experiment. Because research with trap crops using individual Þelds had proven unsuccessful in areas containing other ESPS in 2004, this increased scale seemed to be the most practical approach to study trap crops in the south Arkansas cropping environment.
Densities of stink bugs were lower in 2005 than in 2004. Insecticide treatments in ESPSs were triggered when late-instar nymphs were present and the adjacent MG V soybean was attractive for oviposition or when threshold densities were reached. The intention was to kill nymphs before they became adults and migrated to the adjacent MG V soybean. Unfortunately, in 2005, because of low early-season populations, these criteria were not met until the trap crops reached late R6 to R7 and the adjacent MG V soybean was at R5 (Fig. 4 in all but one trap crop on the Goodgame Farm. In the factorial design, two of the four trap crops were treated with insecticide and two remained untreated in each block. Untreated trap crops contained densities of stink bugs similar to those in treated trap crops before insecticide treatments were applied. Stink bugs colonized four of the trap crops again just before full maturity (R8), but because of preharvest intervals (Greene 2004 ), insecticide could not be applied. By beginning senescence (R7), treated and untreated trap crops once again harbored statistically similar densities of stink bugs.
When insecticides were applied in Chicot County, MG V soybean Þelds adjacent to trap crops were in early pod development (R3) ( Table 2 ). Adjacent MG V soybean Þelds at the Goodgame Farm were in late pod development (R4) and early pod Þll (R5) stages, respectively. Both adjacent MG V soybean Þelds on the Cummins Prison Farm were at R5 growth stage. Stink bug densities in these Þelds ranged from below detectible levels in Chicot County to 0.67 Ϯ 0.5 per 25 sweeps on the Goodgame Farm, all of which were considerably lower than densities in bordering trap crops, indicating that stink bugs had not dispersed from the trap crops into the adjacent MG V Þelds at this point. In subsequent weeks after insecticide applications, stink bug densities increased in adjacent MG V soybean Þelds regardless of trap crop or environment treatment combination (Table 3 ). There were no signiÞcant trap-environment interactions in total stink bugs, nymphs, or adults in MG V Þelds adjacent to the trap crops at any growth stage. In addition, trap and environment main effects were not signiÞcant at any growth stage for total stink bugs or nymphs. The only signiÞcant effect was an environment effect on total adults at R2 development where adjacent MG V Þelds located in environments containing untreated ESPS had more stink bugs than environments with no ESPSs or treated ESPSs (F ϭ 6.34; df ϭ 1; P ϭ 0.0454). However, blocks (sites) proved to be a signiÞcant source of variation for total nymphs and adults. At R5 development, Chicot County had signiÞcantly more adult stink bugs than replicates on the Goodgame or Cummins Prison Farm (F ϭ 5.09; df ϭ 2; P ϭ 0.0379). Densities of nymphs on the Goodgame Farm were marginally greater than those in Chicot County or the Cummins Prison Farm at R6 growth stage (F ϭ 4.41; df ϭ 2; P ϭ 0.0512). From ßowering through late pod-Þll stages (R1ÐR6), there were no differences between densities in any of the treatments. Comparison Þelds located at least 0.8 km away from the nearest early soybean contained densities of stink bugs similar to those in adjacent MG V soybean Þelds throughout the season (Fig. 5) . Other late soybean Þelds inside the 0.8-km radius environment not directly adjacent to the trap crops were also analyzed. As observed in MG V soybean directly adjacent to the trap crops, there were no signiÞcant interactions or main effects from the insecticide treatment combinations.
Thyanta accerra and P. guildinii collectively accounted for 2% of the stink bugs observed. servus changed from representing only 6% of observed stink bugs in 2004 to being the most abundant species in 2005, comprising 53% of observed stink bugs. The reduction of N. viridula populations in 2005 most likely resulted in lower overall densities of stink bugs. Generally, when stink bugs densities exceed economic threshold in southern Arkansas, N. viridula is the predominant species (Smith et al. 2009 ). In other southern states, N. viridula has also been reported as the most prevalent species (McPherson et al. 1979 (McPherson et al. , 2001 McPherson 1996; Boyd et al. 1997; Baldwin et al. 2006 ). This may not be true for northern Arkansas, where A. hilare and E. servus represent greater portions of total stink bug numbers (Miner 1966) . Todd and Schumann (1988) reported that there should be a distinct difference between the phenology of the trap crop and targeted Þelds if the trap crop is to be successful. SpeciÞcally, trap crops should reach early pod-Þll (R5) and be treated before the target crop reaches full-pod (R4), when peak oviposition occurs (Schumann and Todd 1982) . In 2004, the MG V soybean had reached only the ßowering stage of development (R1ÐR2) when the trap crops reached R5. The developmental diversity between the trap crops and surrounding Þelds may have been too large. By the time the MG V Þelds reached R4 and became attractive to ovipositing females, the trap crops were beginning to senesce (R7) and had become unattractive. Although we believe that the timing of the development of trap crops and surrounding FSSPSs was closer to optimum in 2005, insecticides may have been applied too late, allowing mated females to leave the trap crops and oviposit in adjacent MG V soybean (Schumann and Todd 1982) . Recommendations in Louisiana currently suggest treating ESPS trap crops when only six stink bugs are found per 100 row sweeps (Baldwin et al. 2006) . Perhaps, if the trap crops in 2005 had been treated more aggressively, we may have been able to better control the late-season populations in target Þelds. It is possible that a nursery crop situation (Boyd et al. 1997 ) could have been created by leaving these late-season populations in ESPS untreated, but with current preharvest restrictions for insecticides, it is difÞcult to control stink bug populations that develop in senescing (R7 and R8) soybean. In 2004, populations were eliminated in the trap crops, yet densities still developed in the adjacent MG V response Þelds.
Weeds and other cultivated crops, especially corn, serve as additional hosts for stink bugs throughout the season. Throughout the study, corn was occasionally sampled by visually inspecting the plant around the ear shoot. The average density in corn was 0.21 Ϯ 0.12 stink bugs per 25 plants. The maximum density observed in corn was 12 stink bugs per 25 plants, all of which were N. viridula adults on the border of a Þeld adjacent to MG V soybean in Little River County. Stink bugs were observed in corn from 28 June to 20 July. Adults comprised 86% of observed stink bug densities in corn, indicating reproduction was low. It is possible that a portion of the stink bugs observed in the targeted FSSPS Þelds could have dispersed from corn and other weed hosts, further complicating the ESPS trap crop concept because controlling stink bugs on wild host and corn would be difÞcult and also nullify savings associated with trap crops.
In this study and in the literature, soybean has been categorized as either ESPS or FSSPS, but, in reality, plant development varied widely within each production system. Farms used in the study had multiple soybean cultivars planted across a 2-or 3-mo period, which resulted in staggered plant development across the landscape. For example, the earliest soybean at the Chicot County site senesced in late July, whereas other soybean on the same farms remained succulent through early October. This wide window of soybean development makes it difÞcult to control populations of stink bugs. Trap crops of ESPSs are attractive for colonization and oviposition for up to 4 Ð5 wk and cannot protect FSSPSs for such an extended time period. Also, staggered soybean development promotes population growth by allowing stink bugs to move successively through later maturing soybean (McPherson 1996) . For trap crops to possibly be effective, planting of FSSPSs would need to be coordinated so that the Þelds became attractive and senesced simultaneously, reducing population development of stink bugs throughout the season that commonly results when populations are able to continually disperse to suitable Þelds.
Three previous studies have shown that ESPS trap crops can control stink bugs when implemented in FSSPSs. However, through 2 yr of experiments in current Arkansas production systems, we could not reduce stink bug populations with ESPS trap crops. Current preharvest restrictions for insecticides also made it difÞcult to eliminate population growth of stink bugs in R7 soybean. Manipulation of host preference seems to operate on scales larger than a 0.8-km radius or individual farms, and the abundance of available cultivars and wild hosts are difÞcult to manage culturally. With the widespread distribution of earlyseason soybean in Arkansas, it may not be possible to lower stink bug populations in ESPSs across large enough areas to suppress buildup in FSSPSs or other crops. The trap-crop concept has tremendous appeal for the control of stink bugs, but it does not seem to be a reasonable management approach in current Arkansas production systems.
